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ABSTRACT
Background: Human mast cells (MCs) were classified into at least two subtypes, i.e., tryptase- and chymase-
positive MCs (MCTC) and tryptase-only-positive MCs (MCT). However, differences in global molecular expres-
sion between these subtypes are unknown.
Methods:We analyzed public microarray data of MC subtypes derived from various tissues and those of pe-
ripheral blood granulocytes by using hierarchical clustering methods to understand the global gene expression
profiles.
Results: All the transcripts subjected to this clustering analysis were classified into two large clusters, i.e., MC-
preferential or granulocyte-preferential. In the original works, MCs from tonsil, lung and skin had been cultured
for more than several weeks to obtain highly viable and pure cell populations, and these MCs retained their
typical profiles such as intensities of chymase protein expression. Most of the transcripts were commonly ex-
pressed by these MC subtypes. However, tonsil-derived MCs and skin-derived MCs but not lung-derived MCs
expressed high levels of chymase (CMA1) as expected for the properties of MCTC and MCT. These CMA1-high
MCs and CMA1-low MCs respectively expressed distinct sets of transcripts as small gene clusters as well as
CMA-1 even after being cultured in the absence of a tissue environment.
Conclusions: The MC lineage seems to be far from the granulocyte lineages including basophils. CMA1-high
MCs (MCTC) and CMA1-low MCs (MCT) can be regarded as differentiated MC subtypes. As such, importance
of data analysis studies will be increasing along with the accumulation of global molecular data in the public da-
tabase.
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INTRODUCTION
Due to the complete reading of the genome sequence
and rapid technical advances, microarrays are now
widely used in many laboratories especially for ana-
lyzing transcriptome , i . e ., global gene expression .
Transcriptome assays may be categorized into two
types depending on the strategy . One is aimed at
finding an important molecule whose function or
structure has not been fully described. Another is the
comprehension of the whole system controlling a cell
and the simulation of human disease models in silico,
i.e., in a computer. Indeed, the 21st century is consid-
ered to be the era of “systems biology”,1,2 aiming at
the comprehension of the total function of a cell, an
organ, or the human body using bioinformatics and
functional genomics. In most of transcriptome analy-
ses for finding novel molecules, mixed populations of
peripheral blood or tissues have been used as clinical
samples . However , these mixed cell populations
sometimes make interpretation of the results difficult.
Contamination by a very small population of different
0cell types having a certain highly expressed tran-
script may cause an artifactual presence of the tran-
script in the whole population even where the major
cell type lacks it.3 On the other hand, mRNA is unsta-
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ble so that complicated procedures for purification of
a certain cell type should be avoided. In this context,
computational identification of cell-type specificity of
a certain key role molecule found in crude tissues
may be preferable. For this purpose, we have estab-
lished the cell-type specific transcriptome database.
This cell-type specific transcriptome database is also
expected to be necessary for understanding the sys-
tems biology.
Mast cells (MCs) are known to play versatile roles
such as in evoking allergic reaction and in controlling
physiological reactions such as innate immunity . 4
Furthermore , MCs are classified into two distinct
subtypes in rodent tissues : connective tissue MCs
preferentially located in tissues, such as skin , and
mucosal MCs dominantly found in mucosa, such as
the intestine. They are distinct in staining characteris-
tics , T-cell dependency , responses toward secre-
tagogues or stabilizing drugs, and cytokine require-
ment for development.5-8 For human MCs, two sub-
types have been recognized by the distribution of
granular neutral proteases: MCs positive for tryptase
together with chymase, cathepsin G, and carboxypep-
tidase (MCTC) and MCs positive for tryptase only
(MCT). MCT were found in nasal mucosal tissues and
lung, while MCTC were located in skin or tonsillar tis-
sues.9,10 Several functional and morphological proper-
ties are proposed regarding differences between MC
TC and MCT. Toru et al ., 11 observed that IL-4 pro-
moted cell maturation with the expression of both
tryptase and a high amount of chymase from
tryptase-single positive human cord blood-derived
MCs. On the other hand, it was recently shown that
skin-derived , 12 tonsil-derived 13 and lung-derived
MCs 13,14 can retain their phonotypical characters
such as the intensity of chymase staining and respon-
siveness to substance P for more than several weeks
even in the absence of a tissue-specific environment
or T cell cytokines . Nevertheless , differences in
global molecular expression between the human MC
subtypes are totally unknown.
We have reported the results of several genome-
wide gene expression (transcriptome) studies4,13,15-18
using human mast cells and other allergic inflamma-
tory cells. According to the microarray guideline,19
we have opened the gene expression data in our web-
site. In the present paper, we collected these tran-
scriptome data including various types of MCs and
other cell types, and performed a hierarchical cluster-
ing analysis to understand the comprehensive gene
expression profiles of human MC subtypes.
METHODS
GENECHIP EXPRESSION ANALYSIS
All in vitro experiments were performed in the previ-
ous studies15-18 but not in the present study. There-
fore, only the method of genome-wide gene expres-
sion is briefly described . We used the Human
Genome U133A probe array (GeneChip, Affymetrix,
Santa Clara, CA, USA), which contains the oligonu-
cleotide probe set for approximately 22,283 full-length
genes and expressed sequence tags (ESTs) . Total
cellular RNA was immediately isolated from fresh hu-
man MCs or other inflammatory cells with RNeasy
Mini Kits (Qiagen, Valencia , CA, USA) containing
DNase-treatment. These samples had been obtained
from volunteers and patients with written informed
consent using an explanatory document which was
approved by the Ethical Review Board in each hospi-
tal. The purity of RNA was assessed on the basis of
the A260A280 ratio, and the integrity of RNA was
verified by agarose gel electrophoresis . Total RNA
( 50  100 ng) was extracted from approximately
5 × 105 cells. Double-stranded cDNA was synthesized
from DNase-treated total RNA, and the cDNA was
subjected to in vitro transcription in the presence of
biotinylated nucleoside triphosphates , according to
the small sample protocol ( two-cycle in vitro tran-
scription method) . The biotinylated cRNA was hy-
bridized with a probe array for 16 hours at 45, and
the hybridized biotinylated cRNA was stained with
streptavidin-phycoerythrin (PE), then scanned with a
Hewlett-Packard Gene Array Scanner (Palo Alto, CA,
USA). The fluorescence intensity of each probe was
quantified using a computer program , GeneChip
Analysis Suite 5.0 (Affymetrix). The expression level
of a single mRNA was determined as the average
fluorescence intensity among the intensities obtained
by 11 paired (perfect-matched and single nucleotide-
mismatched) probes consisting of 25-mer oligonu-
cleotides . If the intensities of mismatched probes
were very high, gene expression was judged to be ab-
sent even if a higher-than-average fluorescence was
obtained with the GeneChip Analysis Suite 5.0 pro-
gram. The level of gene expression was determined
as the average difference (AD) using the GeneChip
software.
DATA ANALYSIS
All the data that had been treated with small sample
protocol 3 were downloaded from our website at
http:www.nch.go.jpimalGeneChippublic.htm.
From the “human leukocytes” file, two basophil sam-
ple, two eosinophil samples and two neutrophil sam-
ples were chosen for this study. Three lung-derived
MC samples, three tonsil-derived MC sample, three
peripheral blood progenitor-derived MC samples and
a cord blood-derived MC sample, were collected from
“Human Mast Cells” No. 5 file and were normalized
with the median value of 22,283 transcripts of every
array sample. It should be noted that these MCs de-
rived from several tissues were cultured for more
than several weeks in the absence of the specific tis-
sue environment.15-18 This is because it was neces-
sary to obtain highly viable and purified MC samples
for GeneChip analysis. We merged these 16 sample
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Fig. 1 Gene Expression Profiles of 16 Sample Data of Mast Cel Subtypes, Basophils, 
Eosinophils and Neutrophils. Afymetrix GeneChip U133A microaray data regarding MCs 
and other inflammatory cels were colected from the website at htp:/www. 
nch.go.jp/imal/GeneChip/public.htm and then hierarchicaly clustered using Eisen’ scluster-
ing software (see Methods). The detailed methods regarding the in vitro experiments are 
described in the references No. 13, 15­18. The cel sample clusters were aligned in the 
horizontal axis from left to right, Bas (basophil samples), Eos (eosinophil samples), Neu 
(neutrophil samples), cord blood-derived MCs (CMC), peripheral blood-derived MCs 
(PMC), tonsil-derived MCs (TMC) and lung-derived MCs (LMC). The gene (transcript) clus-
ters were aligned and then numbered in the vertical axis from top to botom (see the num-
ber in Supplementary Table 1). Representative transcripts found in the gene clusters were 
indicated as gene symbols. They were ADRB2 (cluster No. 65), CPA3 (No. 415), TPSB2 
(No. 1003), CMA1 (No. 1259), HEY1 (No. 1412), GPR43 (No.1749), C5R1 (No.2287), 
GPR44 (No.2326), and MS4A3 (No.2406).
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data into the Excel file, and then eliminated the tran-
scripts having low levels (<10 times of each median
value) in all 16 samples or absence calls (Affymetrix
algorithm) in all 16 samples. Then, from the remain-
ing 5,730 transcripts, we further selected the 2,641
transcripts expressed differently between the 16 sam-
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Fig. 2 Expression Levels of Transcripts for Representa-
tive MC-Specific Granular Proteins. Representative MC-spe-
cific transcripts, i.e., tryptaseβ2 (TPSB2), chymase (CMA1) 
and carboxypeptidase A3 (CPA3) were shown. A CMA1-
high MC subtype-associated transcript, HEY1 is also shown. 
The data was also obtained by using hierarchical clustering 
analysis employed in the experiment shown in Figure 1. In 
addition, the results obtained from skin-derived MCs (SMC; 
shown as a open bar) were added in this figure. The expres-
sion levels have been normalized with the median value 
(=1) of 22,283 transcripts in GeneChip U133A aray.
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ples (>10 times differences between the maximum
and minimum values) to eliminate the house-keeping-
like genes and were subjected to hierarchical cluster-
ing analysis . The hierarchical clustering algorithm
used is based on Eisen’s Gene Cluster and Tree View
described previously by Eisen MB et al..20 This soft-
ware is freely downloaded from the website at http:
rana.lbl.govEisenSoftware.htm. In brief, these tran-
scripts were logarithmically transformed, normalized
against both per transcript and per array sample, and
were automatically organized into 52 transcript sub-
groups (X axis ) and four array sample subgroups
(MC, basophil , eosinophil and neutrophil samples)
using Self Organizing Maps. Then , the transcripts
and the samples were hierarchically clustered at both
axes by checking “Calculate Weight” box for the ar-
ray (sample) axis. Based on the normalized values,
the genes were classified as up-regulated (shown in
red) or down-regulated (shown in blue).
RESULTS
The data of 2,639 kinds of transcripts expressed by 10
MC samples, 2 basophil samples, 2 eosinophil sam-
ples and 2 neutrophil samples were hierarchical clus-
tered at both axes (Fig. 1). The information regard-
ing the GeneChip probe set number, the Genbank
gene code (http:www.ncbi.nlm.nih.goventrez
query . fcgi ? db=Nucleotide ) , the number of 2,639
aligned transcripts and the median-normalized ex-
pression levels by 12 samples can be found in the
Supplementary Table 1 at http :www.nch.go. jp
imalGeneChippublic.htm. All the transcripts were
classified into two large clusters at the vertical axis.
Approximately 50% (1,333) of the transcripts were
considered to be upregulated in MC samples. The re-
maining transcripts were upregulated in granulocyte
samples, or depending on sample variation. The 12
cell type samples were also classified into 2 large
clusters at the horizontal axis. One is the large clus-
ter of basophil samples, eosinophil samples and neu-
trophil samples, and another large cluster consisted
of 10 MC samples.
As has been reported , 16 GPR 43, a gene for
Proteinase-Associated Receptor-1 like G-protein cou-
pled receptor , was upregulated in neutrophils and
eosinophils . GPR 44 ( CRTH 2 ; chemoattractant
receptor-homologous molecule expressed on Th 2
cells) was upregulated in eosinophils and basophils.
Also , MS4A3 (HTm4) was almost exclusively ex-
pressed by basophils . 16 Approximately 40% of the
transcripts shown in Figure 1 were considered to be
upregulated in basophils, eosinophils andor neutro-
phils but not in MCs.
Tryptase α and β are the most abundant granular
proteins10 and the redundant probes of their mRNA
genes (TPS1, TPS2, TPSB1, and TPSB2) were found
almost sequentially (No. 979, 1003, 1010, 1011, 1013
and 1014) in the Supplementary Table 1. These tran-
scripts were selectively expressed by all MC sub-
types but not by other cell types. MCTC but not MCT
176 Allergology International Vol 55, No2, 2006 www.jsaweb.jp
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Fig. 3 Expression Levels of Transcripts for MC-Related 
Functional Molecules. Expression levels of mRNA for repre-
sentative MC-related functional molecules are shown. C5a 
receptor (C5R1), leukotriene C4 synthase (LTC4S) and pr-
ostaglandin D2 synthase (PGDS) were chosen from the re-
sults obtained by using hierarchical clustering analysis 
employed in the experiment shown in Figure 1. In addition, 
the results obtained from skin-derived MCs (SMC; shown as 
a open bar) were added in this figure. The expression levels 
have been normalized with the median value (=1) of 22,283 
transcripts in GeneChip U133A aray.
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C5R1
were originally found to have abundant levels of chy-
mase, cathepsin G and carboxypeptidase A . 10 The
mRNA for chymase (CMA1, No. 1259) was indeed
upregulated in MCTC type tonsil-derived MCs, while
typical MCT-type lung MCs almost lacked it, as re-
ported.10,14 However, the mRNA genes for cathepsin
G (CTSG, No.926) and carboxypeptidase A (CPA3,
No. 415) were upregulated in all MC subtypes. More-
over, CPA3 was also highly expressed by basophils.
CMA1 was not found with other similarly regulated
transcripts in a gene cluster. A gene cluster which
contain transcripts No.140125 seems to be upregu-
lated in tonsil-derived MCs and down-regulated in
lung-derived MCs. Among those, HEY1 (No. 1412)
was the most upregulated tonsil-derived MCs
(Fig. 2). In Figures 2,3, the data obtained using hu-
man skin-derived MCs (also available from the web-
site at http:www.nch.go.jpimalGeneChippublic.
htm) were added as a reference. This skin-derived
MC sample was treated using a different protocol, i.e.,
the standard single in vitro transcription method, so
that it can not be theoretically compared with the
other samples. However, it is considered to be infor-
mative since skin-derived MCs are widely used as a
typical MCTC. As shown in Figure 2, CMA1 and HEY
1 were upregulated in skin-derived MCs as well as in
tonsil-derived MCs.
C5a is known to be a potent secretagogue for MCs
and other leukocytes and plays an important role in
the pathogenesis of allergic or other inflammatory
diseases.21 C5a receptor expression is reported to be
upregulated on MCTC but not on MCT.10 Indeed, its
mRNA gene, C5R1 was highly expressed by tonsil-
derived MCs but not by lung-derived MCs. However,
it was more upregulated in three types of granulo-
cytes. Therefore, C5R1 may not be closely associated
with the differentiation of CMA1-high human MCs.
Recently, C5a receptor-positive and chymase positive
lung-derived MCs but not skin-derived MCs are re-
ported to release leukotriene C4 in response to C5a or
substance P , while histamine release induced by
these secretagogues was seen in both MC types.14
Mouse connective tissue-type MCs preferentially pro-
duce the mediator, prostaglandin D2.22 Thus, we have
focused on the two transcripts as shown in Figure 3.
The mRNA genes for these synthase enzymes, i.e.,
LTC4S and PGDS were upregulated in all the MC
types compared to other cell types. However, skin-
derived MCs expressed a relatively low level of
LTC4S compared to lung-derived MCs.
DISCUSSION
Both human mast cells and basophils have metachro-
matic granules and functional FcεRI, and play impor-
tant roles in allergic inflammation . In the present
study, all the transcripts were classified into two large
clusters consisting of transcripts preferentially ex-
pressed by MCs or those expressed by non-MCs .
The 12 cell samples were also classified into 2 large
clusters, i.e., the MC subtype cluster and the granulo-
cyte cluster. These results support the recent concept
that MCs belong to the cell lineage distinct from
blood circulating leukocytes including basophils.23,24
Interestingly, this clustering analysis indicated that
the global gene expression profiles of basophil sam-
ples and eosinophil samples were relatively close and
its similarity was comparable to the relationship be-
Allergology International Vol 55, No2, 2006 www.jsaweb.jp 177
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tween tonsil MC samples and lung MC samples (Fig.
1).
Human MCs have been classified into two sub-
types depending on the distribution of granular neu-
tral proteases such as chymase. They are MCTC hav-
ing tryptase together with chymase, cathepsin G, and
carboxypeptidase and MCT having tryptase only. MC
T were preferentially found in the nasal mucosal tis-
sues and lung, while MCTC were mainly located in
skin or tonsillar tissues.9,10 Chymase mRNA, CMA1
expression was markedly upregulated in skin
derived-MCs, tonsil derived MCs-and one sample of
peripheral blood-derived MCs compared to other cell
types including lung-derived MCs as has been re-
ported . 10,12,13 These tissue-derived MCs , in which
gene expression data were used in this study, had
been cultured in the presence of stem cell factor for
several weeks to obtain highly viable and pure cells
for genomic studies as reported.13 Cultured MCs are
generally considered to be immature as seen in cord
blood progenitor-derived cultured MCs expressing
low levels of FcεRIα.25 However, maturity of cultured
MCs varies depending on the definition. Regarding
FcεRIα-mediated mediator release , IL-4-primed pe-
ripheral progenitor-derived cultured MCs can be re-
garded to be highly mature . 25 Tonsil-derived MCs
cultured for >8 weeks express more FcεRIα and chy-
mase compared to freshly-isolated tonsillar MCs,13 al-
though these tissue-derived MCs retain their typical
characteristics even after being cultured for a long
period in the absence of a tissue environment . 12-14
Thus, tissue-derived MCs can not be regarded as im-
mature MCs.
There is a small gene cluster upregulated in the 3
tonsil MC samples and a peripheral blood-derived
MC sample in association with the expression of
CMA1. One of the most upregulated genes in this
CMA1-high gene cluster was HEY1. HEY1 is a tran-
scriptional suppressor which regulates the expres-
sion of a large number of genes at once through chro-
matin remodeling.26 Chromatin remodeling is usually
involved in stable transcriptional regulation such as
seen in cell differentiation.27 According to the gene
ontogeny term (http:www.geneontology.org) ,
CMA 1-high MCs express a unique set of cell
differentiation-associated transcripts . As shown in
Supplementary Table 1 (http:www.nch.go.jpimal
GeneChippublic.htm), some of the termed genes in
the CMA1-high MC-related cluster were related to
developmenthistogenesis (10 transcripts) and cell
proliferation (4 transcripts) as well as cholesterol
fatty acidlipid metabolism (10 transcripts) . These
GO terms were markedly upregulated when com-
pared to the ratio of the whole GO terms found in the
22,683 transcripts present in U133A (data not shown).
It also should be noted that the lung-derived MCs
expressing high levels of FCER1A (FcεRIα) still ex-
pressed little CMA1. A small gene cluster consisting
of approximately 80 transcripts containing almost
functionally unknown genes were upregulated in
lung MCs and two batches of peripheral blood-
derived MC samples. These results and the above re-
ports26,27 suggest that CMA1 gene expression may be
modulated in a stable fashion such as chromatin re-
modeling or differentiation. Since the increasing ef-
fect of IL-4 on the expression of protein chymase by
cord blood-MCs is not associated with the increase in
the CMA1 mRNA expression,28 the protein detection
is preferable in the present study. However, at least
using adult tissue-derived MCs, no controversy has
been found between CMA1 and the chymase protein
levels as shown in the present result and the previous
reports . 12-14 Nevertheless , we suggest that CMA1-
high MCs such as tonsil-derived MCs and CMA1-low
MCs such as lung-derived MCs can be regarded as
differentiated MC subtypes.
The original concept regarding MCTC was to in-
volve carboxypeptidase A and Cathepsin G together
with chymase in their granules.10 However, the for-
mer two enzymes have not been intensively investi-
gated for a long time. We found that their mRNAs
were highly expressed in all MC types. These find-
ings suggest that CPA3 and CTSG may not be regu-
lated in a stable fashion like chromatin remodeling so
that culture conditions may easily change the expres-
sion pattern. Yet , further studies including protein
analysis are necessary regarding this matter.
Two of the three peripheral blood-derived MC sam-
ples resembled three lung MC samples in gene ex-
pression profile. Similarly, another peripheral blood-
derived MC sample resembled tonsil MCs in gene
expression profile . Thus , adult peripheral blood
progenitor-derived cultured MCs are comparable to
tissue-derived cultured MCs in the maturity regard-
ing global gene expression profiles including CMA1
and FCER1A, although the CMA1 levels varied de-
pending on batches . External cytokines such as
interferon-γ or IL-4 alter the expression levels of sev-
eral hundred genes as have been reported when the
cord blood or peripheral blood progenitors-derived
MCs are used.15,17,25 However, they did not alter the
global expression profiles beyond the cell lineage
(Data not shown).
In the present study, we performed only in silico
data analysis but not in vitro or in vivo experiments.
Yet, it was shown that the MC lineage is far from the
lineages of granulocytes including basophils at least
regarding global gene expression. We were also able
to conclude that CMA1-high MCs and CMA1-low
MCs can be regarded as differentiated human MC
subtypes and respectively retain their specific gene
expression profiles consisting of a number of tran-
scripts. As such, importance of data analysis studies
will be increasing along with the accumulation of
global molecular data in the public database.
178 Allergology International Vol 55, No2, 2006 www.jsaweb.jp
Saito H et al.
ACKNOWLEDGEMENTS
This work is supported in part by the Grant (ID05-24)
from the National Institute of Biomedical Innovation.
REFERENCES
1. Saito H. Translation of the human genome into clinical al-
lergy. Part 2. Allergol. Int. 2004;53:87-92.
2. Hunter PJ, Borg TK. Integration from proteins to organs:
the Physiome Project. Nat. Rev. Mol. Cell Biol . 2003;4:
237-243.
3. Saito H, Abe J, Matsumoto K. Allergy-related genes in mi-
croarray. J. Allergy Clin. Immunol. 2005;116:56-59.
4. Okayama Y, Okumura S, Tomita H et al. Human mast cell
activation through Fc receptors and Toll-like receptors.
Allergol. Int. 2004;53:227-234.
5. Enerback L. Mast cells in rat gastrointestinal mucosa :
dye-binding and metachromatic properties. Acta Pathol .
Microbiol. Scand. 1966;66:303-312.
6. Befus AD, Pearce FL, Gauldie J, Horsewood P, Bienen-
stock J. Mucosal mast cells . I . Isolation and functional
characteristics of rat intestinal mast cells. J . Immunol .
1982;128:2475-2480.
7. Ihle JN, Keller J, Oroszlan S et al. Biologic properties of
homogeneous interleukin 3: 1. Demonstration of WEHI-3
growth factor activity, mast cell growth factor activity, P
cell-stimulating factor activity , colony-stimulating factor
activity and histamine-producing cell-stimulating factor
activity. J. Immunol. 1983;131:282-287.
8. Copeland NG, Gilbert DJ, Cho BC et al. Mast cell growth
factor maps near the steel locus on mouse chromosome
10 and is deleted in a number of steel alleles. Cell 1990;
63:175-183.
9. Irani AM, Craig SS, DeBlois G, Elson CO, Schechter NM.
Deficiency of the tryptase-positive , chymase-negative
mast cell type in gastrointestinal mucosa of patients with
defective T lymphocyte function. J. Immunol. 1987;138:
4381-4386.
10. Schwartz LB, Huff TF. Biology of Mast Cells. In: Middle-
ton E Jr, Reed CE, Ellis EF, Adkinson NF Jr, Yunginger
JW, Busse WW (eds). Allergy, Principles & Practice. Vol.
1. St. Louis: Mosby, 1998;261-276.
11. Toru H, Eguchi M, Matsumoto R, Yanagida M, Yata J,
Nakahata T. Interleukin-4 promotes the development of
tryptase and chymase double-positive human mast cells
accompanied by cell maturation. Blood 1998;91:187-195.
12. Kambe N, Kambe M, Kochan JP, Schwartz LB. Human
skin-derived mast cells can proliferate while retaining
their characteristic functional and protease phenotypes.
Blood 2001;97:2045-2052.
13. Kashiwakura J, Yokoi H, Saito H, Okayama Y. T cell pro-
liferation by direct cross-talk between OX40 ligand on hu-
man mast cells and OX40 on human T cells: comparison
of gene expression profiles between human tonsillar and
lung-cultured mast cells. J . Immunol . 2004;173:5247-
5257.
14. Oskeritzian CA, Zhao W, Min HK et al. Surface CD 88
functionally distinguishes the MCTC from the MCT type of
human lung mast cell. J. Allergy Clin. Immunol. 2005;115:
1162-1168.
15. Nakajima T, Inagaki N, Tanaka H et al. Marked increase
in CC chemokine gene expression in both human and
mouse mast cell transcriptomes following Fce receptor I
cross-linking : An interspecies comparison. Blood 2000;
100:3861-3868.
16. Nakajima T, Iikura M, Okayama Y et al. Identification of
granulocyte subtype-selective receptors and ion channels
by using a high-density oligonucleotide probe array. J. Al-
lergy Clin. Immunol. 2004;113:528-535.
17. Okumura S, Kashiwakura J, Tomita H et al. Identification
of specific gene expression profiles in human mast cells
mediated by Toll-like receptor 4 and FcεRI. Blood 2003;
102:2547-2554.
18. Okumura S, Sagara H, Fukuda T, Saito H, Okayama Y.
FcεRI-mediated amphiregulin production by human mast
cells increases mucin gene expression in epithelial cells.
J. Allergy Clin. Immunol. 2005;115:272-279.
19. Ball CA, Sherlock G, Parkinson H et al. Standards for mi-
croarray data. Science 2002;298:539.
20. Eisen MB, Spellman PT, Brown PO, Botstein D. Cluster
analysis and display of genome-wide expression patterns.
Proc. Natl. Acad. Sci. U.S.A. 1998;95:14863-14868.
21. Basta M, Van Goor F, Luccioli S et al. F (ab) ’2-mediated
neutralization of C3a and C5a anaphylatoxins: a novel ef-
fector function of immunoglobulins. Nat . Med . 2003;9:
431-438.
22. Ogasawara T, Murakami M, Suzuki-Nishimura T, Uchida
MK, Kudo I. Mouse bone marrow-derived mast cells un-
dergo exocytosis, prostanoid generation, and cytokine ex-
pression in response to G protein-activating polybasic
compounds after coculture with fibroblasts in the pres-
ence of c-kit ligand. J. Immunol. 1997;158:393-404.
23. Kempuraj D, Saito H, Kaneko A et al. Characterization of
mast cell-committed progenitors present in human um-
bilical cord blood. Blood 1999;93:3338-3346.
24. Kocabas CN, Yavuz AS, Lipsky PE, Metcalfe DD, Akin C.
Analysis of the lineage relationship between mast cells
and basophils using the c-kit D816V mutation as a bio-
logic signature. J. Allergy Clin. Immunol. 2005;115:1155-
1161.
25. Iida M, Matsumoto K, Tomita H et al. Selective down-
regulation of high affinity IgE receptor (FcεRI) α-chain
messenger RNA among transcriptome in cord blood-
derived versus adult peripheral blood-derived cultured
human mast cells. Blood 2001;97:1016-1022.
26. Sakamoto M, Hirata H, Ohtsuka T, Bessho Y, Kageyama
R. The basic helix-loop-helix genes Hesr1Hey1 and Hesr
2Hey2 regulate maintenance of neural precursor cells in
the brain. J. Biol. Chem. 2003;278:44808-44815.
27. Agarwal S, Rao A. Modulation of chromatin structure
regulates cytokine gene expression during T cell differen-
tiation. Immunity 1998;9:765-775.
28. Ahn K, Takai S, Pawankar R et al. Regulation of chymase
production in human mast cell progenitors. J. Allergy Clin.
Immunol. 2000;106:321-328.
Allergology International Vol 55, No2, 2006 www.jsaweb.jp 179
In Silico Study of Human Mast Cell Subtypes
